Introduction
Schiff bases are the privileged ligands and attractive due to their stability and ease by which modified variations can be achieved [1] . This class of ligand is flexible in terms of both size and charge [2] . Schiff base ligands and their metal complexes are omnipresent because of their easy synthesis, wide applications and the convenience of diverse structural modifications [3] . Schiff bases have been reported to be potential anticancer drugs [4] . The azomethine linkage of the Schiff bases is responsible for various antibacterial, antifungal, herbicidal, clinical and analytical activities [5, 6] . Schiff base ligands that contain strong donor sites like phenoxo oxygen atoms and imine nitrogen atoms are brilliant for analytical and biological applications [7, 8] . Dehydroacetic acid (dha = 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-one), and compounds derived from it are very important class of compounds for various organic synthesis [9] . It is a good starting material for the synthesis of different heterocyclic compounds [10] . Dehydroacetic acid (dha) is biologically active compound and studies have shown that it has both antibiotic and antifungal effects [1] . In aqueous solutions, it is a very strong antiseptic agent [11] . The compound is widely used in food technology i.e. used to increase the stability of vitamin C and to protect vegetables during processing of food [12] . It is also used as preservatives in fish sausages [13] . All these reasons and facts [14, 15] motivated us to synthesize and structurally characterize the Schiff bases of dehydroacetic acid ( Figure 1 ) with various substituted anilines (Figures 2-4 ) and also to check the biological activities of these compounds. Keeping in view the bactericidal and fungicidal properties of dehydroacetic acid [13] , it is expected that its Schiff bases would have a high degree of activities. So, in the present study, series of three Schiff bases were synthesized by the reaction with dehydroacetic acid with a number of substituted anilines. 
Material and Methods

Reagents and materials
All the reagents used were chemically pure, analytical reagent grade and were used without further purification. The solvents were dried and distilled before use following the standard procedures [16] .
Physical measurements
Infrared spectra were recorded with Bio-Rad Excalibure FTIR model 'FTS-3000MX' using KBr pellets in the range 4000-400 cm -1 . Melting points were determined with a Mitamura Riken Kogyo, Japan, and were uncorrected. Elemental analysis was performed using a CHN analyzer 'LECO' model CHNS-932.
1
H and 13 C NMR spectra were recorded on a Bruker 300 MHz NMR spectrometer in CDCl 3 solution at ambient temperature; the CDCl 3 signals were used to lock the field and all the chemical shifts (ppm) were assigned relative to tetramethylsilane (TMS); ). To this 2, 3-dichloroaniline (3.24 g, 0.02 mole) was added and the mixture was refluxed for 1 hour. The resulting solution was kept at room temperature for several days. The solid formed (Schiff base ligand) was filtered and recrystallized from methanol toluene mixture, washed with methanol and dried in air. Yield: 72% (4.6 g HL2). This synthesis of C 14 H 11 NO 3 Cl 2 (HL2) is given in Figure 2 .
Synthesis of 3-(1-(2,3-dimethylphenylimino)ethyl)-4-hydroxy-6-methyl-2H-pyran-2-one, C16H17NO3 (HL3)
Dehydroacetic acid (3.36 g, 0.02 mole) was dissolved in dry ethanol (50 cm 3 ). To this 2,3-dimethyl aniline (2.50 ml, 0.02 mole) was added and the mixture was refluxed for 30 minutes. The resulting solid was then filtered and re-crystallized from dichloromethane and toluene (3:1) mixture. Yellow fine crystals of the Schiff base ligand werre obtained, washed with methanol and dried in air. Yield: 77% (4.1 g HL3). This synthesis of C 16 H 17 NO 3 (HL3) is given in Figure 3 .
Antibacterial activity
The antibacterial activities of all the Schiff bases were investigated against four bacteria, two G (+) i.e. Staphylococcus aureus (ATCC 25923), Bacillus subtilis (DSM
3256-Germany), and two G (-) bacterial strains i.e. Escherichia coli (ATCC 25922), and Pseudomonas aureginosa (ATCC 10197) by the agar well diffusion method [6, 7, 14, 15] .
Imipenum was used as standard antibiotic drug, which is β-Lactom antibiotic and is effective against G (+) as well as G (-) bacteria. 3 mg of the test sample (Schiff base) was dissolved in 1 mL of DMSO. 2-3 mL nutrient broth (0.8 g / 100 mL) was prepared in distilled water and was autoclaved at 121 o C for 20 minutes with 15 psi pressure. 24 hrs fresh cultures grown on nutrient broth at pH 7 were used for sensitivity testing. To compare the turbidity of bacterial cultures, McFarland BaSO 4 solution was used as turbidity standard. To perform antibacterial assay, nutrient agar medium was prepared by dissolving 2g / 100 mL in distilled water and the medium was autoclaved. The nutrient agar medium was poured in Petri plates and allowed to solidify. Using sterile cotton swabs, lawns of test cultures were prepared on labelled plates. Four wells per plate were prepared with the help of sterile cork borer (2 mm). Using micropipette, 30 μL of test solution was poured in respective labelled wells. These experimental plates were incubated for 24 hrs and zones of inhibition (%) were measured. On the average, three readings were taken and compared with standard antibiotic imipenum with inhibition zone of 21 
Results and Discussion
Spectroscopic characterization
Fourier transform infrared spectral data of Schiff base complexes is given in Table 1 . The important absorption frequencies are n(C= O), n(C-O), n(OH), and n(-C=N). In the spectra of the compound HL2, a strong band at 3350 cm -1 is assigned to enolic proton (-OH) stretching vibration. In compounds HL1 and HL3, no OH bands are observed showing the keto form of the synthesized compound. For ligand HL1 and HL3, IR data suggests the keto form while in 1 H NMR data suggests the enolic form of the synthesized compound. A strong band at 1656-1659 cm -1 is assigned to azomethine group of Schiff bases. A broad centered band at 3350 cm -1 is assigned to -OH stretching vibration along with two deformation bands near 1100 and 1170 cm -1 . Also a strong band appears in the range of 1694 cm -1 in the free ligand, which is assigned to the C=O group of the pyran ring. The Schiff bases synthesized exist in tautomeric form, mainly as imine-enol form, this is also supported by IR and NMR data [2, 9, 11, [17] [18] [19] . H NMR data (δ ppm), J (Hz) for Schiff bases is given in Table 3 . The Schiff base ligands derived from dehydroacetic acid [20] are studied in CDCl 3 which indicates that all the ligands exist in tautomeric form. The very down field value of enol 1 H NMR indicates a very strong intramolecular hydrogen bonding O-H…N. The resonance stabilization of these compounds favours the enol form [21] . Tan et al. proposed that Schiff bases of dehydroacetic acid primarily exist in keto-amine form [22] . The crystallographic data of DHA-Schiff base with 1, 2-phenylenediamine and 1,3-propylenediamine reported by Cindric et al. also supports the keto-amine form [9] .
1
H NMR resonance signal of the protons of methyl group attached to pyran ring appears as a sharp singlet at 1-2 ppm in all the Schiff base ligands. The proton attached to pyran ring at position number 5 appears as a singlet at 5.76 ppm in all the ligands. The methyl groups attached to the azomethine group appears as singlets at 2-3 ppm in all the ligands. The phenyl protons in HL1, HL2 and HL3 show doublets and multiplets in the range 6.5-7.78 ppm.
13 C NMR data (δ ppm), J (Hz) for Schiff bases is given in Table 4 . The integration of spectra are in good agreement with the composition of the studied compounds.
Antimicrobial studies
Three Schiff bases (HL1, HL2 and HL3) are screened in vitro for their microbial activity against four G (+) i.e. single layered structure and G (-) i.e. multilayered human pathogenic bacterial species and the results are summarized in Table 5 . These Schiff bases have been found to exhibit considerable activity against Staphylococcus aureus and Bacillus subtilis (Gram +ve) and Escherichia coli and Pseudomonas aureginosa (Gram -ve) bacterial species. These bacterial species are also classified due to their differences in the ribosomes of the microbial cells [23] . Blank experiments with standard antibiotic imipenum under identical experimental conditions show 100 % ability to retard the cultured bacterial growth. The effectiveness of an antimicrobial agent in sensitivity is based on the zones of inhibition [24] . The diameter of the zone is measured to the nearest millimeter (mm). The obtained results indicate that the Schiff bases are also toxic against same microbes under identical experimental conditions. This suggests that the Schiff bases could cross the cell membrane of a microbial cell and enhance their lipophilic characters which subsequently favour its permeation through the lipid layer of the cell membrane. The Schiff bases in this study, retarded microbial activity with small variations against the bacterial species and this difference in activity could be attributed to the impermeability of the cells of the microbes. The observed results seem to conclude that the Schiff base (HL2) show better antibacterial activity when compared to other Schiff bases (HL1 and HL3) against the microbes Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Pseudomonas aureginosa.
Conclusion
Schiff bases were synthesized, tagged as HL1, HL2 and HL3, by reacting dehydroacetic acid with several substituted anilines. Schiff bases, with several donor atoms, have potential in analytical applications such as catalysis, numerous enzymatic reactions and in water treatment due to their high complex forming ability with transition metal ions. The other good pharmaceutical application may be due to their high reactivity against bacteria and fungi that can make them a possible candidate for further antifungal, antibacterial and antibiotic drug.
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